Qualitative and quantitative data are presented for 22 collections of 14 species of Hedyosmum . Wood of the genus is primitive in its notably long scalariform perforation plates; scalariform lateral wall pitting of vessel elements; and the low ratio of length between imperforate tracheary elements and vessel elements. Pit membrane remnants are characteristically present to various degrees in perforations of vessel elements; this is considered a primitive feature that is related to other primitive vessel features. Specialized features of Hedyosmum wood include septate fiber-tracheids with much reduced borders on pits; vasicentric axial parenchyma; and absence of uniseriate rays (in wood of larger stems). Ray structure (predominance of upright cells) and ontogenetic change in tracheary element length are paedomorphic, suggesting the possibility of secondary woodiness in the genus. Wood structure is highly mesomorphic.
INTRODUCTION
The family Chloranthaceae consists of four genera: Ascarina, Chloranthus, Hedyosmum, and Sarcandra (Ascarinopsis, a Madagascan segregate of Ascarina, is not recognized by most authors: Jeremie 1980) . Despite the small size of the family (about 7 5 species: Todzia 1988) , Chloranthaceae have aroused great interest in recent years because ofthe apparent primitiveness of some features (combined with possible specialization in others) and the uncertain systematic position of the family. Floral anatomy of Hedyosmum has been interpreted as transitional between gymnosperms and angiosperms (Leroy 1983) , although Endress (1971 Endress ( , 1987 has shown that several levels of reduction occur in flowers ofChloranthaceae and that the flowers are best interpreted as specialized.
Most wood features of Chloranthaceae qualify as primitive for dicotyledons according to the criteria most generally accepted (Bailey 1944; Frost 19 30a, b, 1931; Kribs 1935 Kribs , 1937 . Sarcandra has been claimed to be vesselless (Swamy and Bailey 1950) , and the genus has therefore been widely cited as a primitively vesselless dicotyledon. Vessels do occur, however, in the roots of Sarcandra (Carlquist 1987) . Swamy (1953) presented a useful summary ofwood features of Chloranthaceae, but only at the generic level, and no specimens were cited. The availability for the present study of numerous specimens of Hedyosmum wood permits a detailed survey of wood anatomy in the genus. The collections of Carol Todzia have been very helpful in this regard, and her courtesy in sharing materials with me is greatly appreciated. Wood samples from the MADw and SJRw collections of the Forest Products Laboratory, Madison, Wisconsin, have been very important to the present study (Table 1) . A few collections from my 1982 field work in Peru, identified by Carol Todzia, have been included. Study of chloranthaceous woods by means of scanning electron microscopy (SEM) has revealed characteristic presence of primary wall portions (pit membranes) in perforations of vessel elements (Carlquist 1987 (Carlquist , 1988a (Carlquist , 1990a . Degree and kind of pit membrane presence in perforations are diverse in Hedyosmum. This phenomenon appears to be indicative of primitiveness of vessel elements (Carlquist 1988a) , and to represent a structural stage transitional between tracheids and vessel elements. The examples thus far studied show pit membrane remnants in perforations to be indicative of primitiveness ofvessel elements. Primary wall remnants in perforations have not been studied extensively in dicotyledons, but H edyosmum provides ideal material for surveying the mode of occurrence of these remnants. Attention is paid here to variability in presence within a species and within a wood sample, as well as to various manifestations of wall presence ranging from nearly complete presence to occurrence only as strands.
The phylogenetic interest ofChloranthaceae is considerable, but comments can be made most effectively when woods of all of the genera have been studied. Comments on some issues will therefore be deferred until the woods of Chloranthus have been studied.
In the present account, attention is called to observations in particular species. That does not mean necessarily that these features characterize those respective species. The sampling of the genus is too small to permit assessment of any wood characters at the species level. The species represented in this study do represent extremes for the genus in terms of habit, ecology, and geographical distribution. Therefore, the range in wood features reported here is probably an accurate picture of what a more thorough exploration would reveal.
Quantitative wood features change with ontogeny in a given stem. This accounts for part of the range of figures in Table 1 . This range requires interpretation, but comparisons cannot be precise. The diameter of stems collected by Carol Todzia and by me are known, but the diameter of xylarium samples is generally not available directly; one can guess the approximate diameter of boards from xylarium collections only approximately, by measuring divergence of rays as seen in a transverse section. Patterns of ontogenetic change in Hedyosmum wood are clear, even though quantification can only be approximate. (Table 1) were supplied by the Forest Products Laboratory through the courtesy of Regis B. Miller and Donna Christensen. These samples were available in dried form. My collections and those of Todzia were available preserved in an ethyl alcohol solution. Herbarium specimens documenting Todzia collections are located at TEX-LL and MO, my collections are at RSA. Woods were sectioned, without softening, by means of a sliding microtome. Radial sections of each collection were dried between clean glass slides and examined by means of SEM according to the usual methods. Transverse, tangential, and radial sections of each collection were stained with safranin and fast green and examined with a light microscope.
MATERIALS AND METHODS

Xylarium samples
Data presented in Table 1 are derived from 25 measurements per collection except for vessel wall thickness, fiber-tracheid diameter, and fiber-tracheid wall thickness, in which typical conditions were measured. Where too few intact cells were available (as in macerations of woods with long vessel elements and fiber- " "" \0 tracheids), means were based upon fewer than 25 measurements. Multiseriate rays are often more than 5 mm tall in Hedyosmum. Because few of these rays are entirely contained within the limits of a section, accurate measurements of multiseriate rays could not be obtained for most species and this feature is omitted from Table 1 . Vessels are measured as widest lumen diameter. Number of vessels per group is computed according to a simple scheme (a solitary vessel= 1, a pair of vessels in contact= 2, etc.). Terminology of most wood features follows that of the lA WA Committee on Nomenclature (1964) . Ray terminology is according to the Kribs (1935) system as expanded in Carlquist (1988a) .
Localities of collections studied are as follows: 
Perforation Plates
The perforation plates of Hedyosmum are long ( Fig. 1 ). Todzia states that "vessel elements have scalariform compound perforation plates on the lateral walls with 150-200 bars." These data are derived from Swamy (1953) . By definition, perforation plates are always on end walls, but there is a possibility that some workers may have confused scalariform lateral wall pitting with scalariform perforation plates in Hedyosmum. In my material, no perforation plates with as many as 200 bars were found, and very few plates exceeded 150 bars. The average for the genus as a whole (Table 1 ) , 100, falls well below the 150-200 range claimed by Swamy (1953) . Longer perforation plates might be expected in the long vessel elements of main trunks from trees of maximal size for the genus, and these samples might be present in xylaria. In the present study, some woods are from shrubby species (H. cumbalense) or from branches of trees rather than from main trunks. Swamy (1953) states that bars in perforation plates of Hedyosmum are thin and not bordered. When studied by light microscopy, some bars may not appear to be bordered. However, in none of the species studied here were borders on bars lacking. This can be most reliably demonstrated by SEM studies. Because face Fig. 2 , 6, 7, bar = I lim ; Fig. 3, 4 , 5, bar = 5 /-im .) views of perforation plates rather than oblique or sectional views are presented, borders are not illustrated in most of the SEM photographs here. Borders may be seen in one instance (Fig. 8, top right) .
In a survey of primitive perforation plates (Carlquist 1988a) , characteristic presence of fragments of primary wall material in perforations was noted for Hedyosmum nutans. Primary wall strands and other fragments were also noted for the genus Ascarina (Carlquist 1990a) . Therefore, an effort has been made here to determine kinds and degree of presence of primary wall remnants in perforations. All of the specimens studies characteristically retain at least a few strands of primary wall material in perforations, but in at least half of the specimens, presence of remnants is above that minimal level. The mode of occurrence of pit membrane portions can be described in several ways: {1), in any given sample, some perforation plates retain more primary wall remnants than others; (2), some samples typically retain more primary wall remnants than do others; {3) the kinds of pit membrane remnants range from strands to extensive portions that can be likened to porose membranes. One must remember that only a small number of sections has been studied, so no reliable conclusions about the systematic distribution of pit membrane remnants in perforations can be reached.
The reader may wish to know if pit membrane remnants in Hedyosmum are altered by preservation or preparation methods. In order to clarifY this, SEM photographs oflateral wall pitting were taken. One ofthese photographs is shown in Figure 7 ; this photograph shows rifts, likely the result of disturbance during sectioning, that represent about the most disturbance to normal structure observed. The photograph oflateral wall pitting ( Fig. 7) can be contrasted with those of perforations of the same specimen, Figures 2 to 6. Similar comparisons could be offered for other species. For example, one can note minor rifts in vessel-tovessel pitting in Figure 8 (bottom) and Figure 10 (bottom). Thus, preservation and preparation methods are of minimal significance, and the patterns shown for pit membrane remnants in perforation plates can be assumed to be intact.
Deposition of secondary plant products on vessel surfaces may result in failure oflysis of pit membranes in perforations. This possibility was noted and illustrated for Ascarina (Carlquist 1990a) . In that study, the presence of secondary plant products that might prevent lysis of pit membranes is evident in SEM photographs as droplets or other amorphous deposits on wall surfaces. Such deposits were seen in a few cases in Hedyosmum. Failure of lysis in perforation plates is, in such instances, complete. The presence of pit membrane remnants in perforations characterizes species in about 20 families of dicotyledons, but such remnants are essentially absent in other dicotyledons. Both systematic distribution and presence of deposits in vessels are tests of artifact presence, and the results presented here are believed to be artifact-free.
Diversity in the presence of pit membrane remnants within a species is shown well in H. goudotianum (Fig. 2-6 ). In Figure 2 , most perforations are clear, whereas most others contain nonporous portions of pit membranes. In Figure 3 , one sees porous remnants of pit membranes at the ends of perforations, plus a few strands elsewhere in perforations. In Figure 4 , strands and flakes of primary wall material are scattered throughout the perforations. In Figure 5 , one sees greater abundance of the remnants, which represent strands, flakes, and unbroken portions; pores are visible in some membrane portions. In Figure 6 , primary wall material is limited to strands and a few porous flakes.
The perforation plate of H. cumbalense shown in Figure 8 indicates that in a species with characteristic presence of pit membrane remnants in perforations, there is no clear demarcation between perforations and lateral wall pits. Instead, these categories grade into each other. This can also be shown by the perforation plates illustrated for H. luteynii in Figure 10 . Thus, we should be skeptical of drawings for primitive perforation plates of dicotyledons that show a clear delineation between perforations and lateral wall pits.
The perforations of the H. cumbalense sample (Fig. 9) frequently contain strands or flakes of primary wall material. In H. luteynii, some perforation plates contain extensive portions of pit membranes (Fig. 11) ; these portions often are porose, corresponding to the porose pit membranes that may be seen on end walls of tracheids of vesselless dicotyledons such as Tetracentron (Carlquist 1988a: 113) . A pair of photographs (Fig. 12, 13) for H. brenesii demonstrates the range that may be found within a species. In H. brasiliense (Fig. 14) and H. bonplandianum (Fig. 15 ), pit membrane remnants in perforations are minimal. Only a few strands characterize the H. brasiliense perforations (Fig. 14) . In H. bonplandianum (Fig.  15 ), there are a few lumps or strands of primary wall material along the edges of perforations.
If one is acquainted with pit membrane presence in perforations on the basis of SEM studies, one can recognize such membrane portions in well-stained sections when they are studied by means oflight microscopy. I was able to see such perforation occlusions in perforation plates of H. brenesii and H. luteynii, for example. For most species of Hedyosmum, I observed by means of SEM that most perforation plates are relatively free of remnants. The collections differed somewhat as to whether the plates with membrane remnants were few, as in H. bonplandianum, or many, as in H. brenesii or H. luteynii. Note should be made of the fact that samples from the latter two species were from smaller stems, but I am not able to conclude on the basis of my studies that pit membrane remnants in perforations are characteristic of juvenile wood-they appear approximately as common in wood from the periphery of older stems.
Lateral Wall Pitting
Vessels of Hedyosmum are characterized by scalariform or transition lateral wall pitting. Scalariform pitting is more abundant than transitional pitting in general (Fig. 7, 23 ). This is true equally in vessel to vessel, vessel to axial parenchyma (Fig. 23) , and vessel to ray pitting.
Quantitative Vessel Features
Mean number of vessels per group is recorded in Table 1 , column 2. The range from 1.03 to 1.60 is probably not very significant, but it does deserve mention because the figure is low compared to dicotyledons at large, and because figures in the vicinity of 1.60 indicate an appreciable degree of vessel grouping, which may be noticed in the photographs of Figures 19, 21 , and 24.
Mean vessel diameter in Hedyosmum (Table 1 , column 3) ranges from 48 to 120 ~m, a considerable span. This range is significant with respect to ecology, and will be interpreted in a concluding section of the paper. Vessel density (number of vessels per mm 2 : Table 1 , column 4) is generally thought to be inversely related to vessel diameter, and is, within limits, according to the data of Table 1. · (Todzia 2020 (Carlquist 7060) , details of septate fiber-tracheids. -16. Several septate fiber-tracheids and, at left, mostly scalariform lateral wall pitting on vessel-axial parenchyma interface.-17. Slitlike pits and thin septum in fiber-tracheids. (Fig. 12, 13, 15 , 17, scale in Fig. 8; Fig.  14, scale in Fig. 2; Fig. 16 , bar = I 0 ~tm.) Vessel element length tends to be great in dicotyledons with primitive wood (Bailey and Tupper 1918) , so the rather long vessel elements of Hedyosmum (Table 1 , column 5), which have a mean length ranging from 1038 1-Lm to 2096 1-Lm and a mean for the genus of 1610 /Jm, are not surprising. The mean length given by Metcalfe and Chalk (1950) for dicotyledons as a whole (649 1-Lm) is much less, but even that figure is probably not representative, because the Metcalfe and Chalk figures are based mostly on trees, whereas woods of shrubs and woody herbs typically have much shorter vessel elements than do woods of trees. Despite their great length, vessel elements in Hedyosmum have thin walls, which average 2.5 1-Lm in thickness for the genus (Table 1, column 6 ). Vessel walls in Hedyosmum vary in thickness within a vessel, often being only 1 1-Lm thick between the angles, but much thicker in the angles. This corresponds to the rather angular nature of the vessels (Fig. 19, 24 ) in some species. Vessels are more rounded in outline in other species, such as H. scaberrimum (Fig. 21 ) . The thinness of walls of vessels in Hedyosmum is probably the primary reason for difficulty in wood sectioning. At least some collapsed vessels may be found in most of the sections prepared for this study.
Imperforate Tracheary Elements
The imperforate tracheary elements of Hedyosmum are termed fiber-tracheids because they have vestigial borders on pits, as mentioned by Swamy (1953) . Fibertracheid diameter has not been presented in Table 1 because reliable dimensions are not readily obtained, nor would they be very meaningful. In Hedyosmum, as in other genera of dicotyledons, diameter of imperforate tracheary elements appears to parallel diameter of vessel elements. Fiber-tracheid length is given in Table 1 , column 7. The range in mean fiber-tracheid lengths (1275 to 2330 1-Lm) and the mean for the genus ( 1880 1-Lm) are moderately high compared with lengths in dicotyledons as a whole ( 1318 1-Lm: Metcalfe and Chalk 19 50).
Fiber-tracheid wall thickness in Hedyosmum shows an appreciable range (Table 1, column 8). Relatively thin-walled fiber-tracheids are illustrated for H. luteynii (Fig. 21 ) , H. scaberrimum (Fig. 21 ) , and H. scabrum (Fig. 24) . Much thicker walls occur in H. racemosum (6.9-8.0 1-Lm) and H. mexicanum (7.0-8.1 1-Lm).
Pit apertures offiber-tracheids are slitlike ( Fig. 16, 17, 18 ). Most pits are located on radial walls (Fig. 18 ). Borders may be seen most clearly on fiber-tracheid to ray pits and fiber-tracheid to axial parenchyma pits. Borders are absent or apparently so in most (but not all) Hedyosmum species on fiber-tracheid to fibertracheid pits (Fig. 18) . These different expressions account for the ranges (e.g., 0-4 1-Lm) shown for diameter of pit borders in Table 1 , column 9. This underlines the problem in defining terms that delineate segments of the continuum from tracheid to libriform fiber, not an easy situation terminologically. However, the separation proposed between imperforate tracheary elements with pit borders less than 2.5 1-Lm in diameter and those more than 2.5 1-Lm in diameter (Baas 1986) does not appear feasible in Hedyosmum, and continuation of the terminology of the lAW A Committee on Nomenclature (1964) is endorsed (see Carlquist 1986) .
Throughout Hedyosmum, fiber-tracheids are septate at least once (Fig. 16, 17) . Commonly two or three septa per fiber-tracheid were observed. In liquid-preserved material, nuclei were frequently observed in each segment of the septate fiber-tracheids, which are thus doubtless alive for prolonged periods. most cells in the two rays are upright cells. (Fig. 18, scale above Fig. 18 [divisions = ~tm]; Fig. 19 -22, scale above Fig. 19 [divisions= 10 ~tm] .)
Axial Parenchyma
In Hedyosmum, scanty vasicentric parenchyma is present in all species. Usually the sheath of parenchyma cells around vessels or vessel groups is a single cell layer thick and often it incompletely sheathes the vessel. Axial parenchyma strands consist of about seven cells. Two species, H. brasiliense and H. domingense, had appreciable numbers of diffuse parenchyma cells in wood. Occasional diffuse axial parenchyma cells were observed in H. goudotianum, H. mexicanum, H. scaberrimum, and H. scab rum. Diffuse parenchyma cells were not observed in the species not listed above.
Rays
Wood of most species of Hedyosmum has rays that must be termed Paedomorphic type II (Carlquist 1988a) . Uniseriate rays are lacking, and procumbent ray cells are infrequent (Fig. 22, 26) . Procumbent ray cells, where present, are in central portions of the multiseriate rays.
If one looks at rays in Hedyosmum stems ofrelatively small diameter, one sees that rays are transitional between Heterogeneous Type I and Paedomorphic Type II. Uniseriate rays are present, albeit less abundant than multiseriate rays, and procumbent cells are absent in rays of specimens with these transitional rays (Fig.  20) . Uniseriate wings may be found on multiseriate rays in such stems (Fig. 20,  25) .
Multiseriate rays are so tall that accurate dimensions cannot be determined from sectioned material. Many rays are not complete within a section (sections are usually about 1 em in length). Figures on width of multiseriate rays at their widest point are given in Table 1 , column 10. Lower figures for H. brasiliense and H. luteynii are correlated with smaller stem size. The stem diameter of the specimens with the widest rays could not be obtained because th;:;~'\I)ecimens are mostly from trimmed xylarium specimens.
Ray cell walls are relatively thin (Table 1 , column 11), as shown in Figures 20, 22, 25, and 26 . Relatively thick cell walls were seen in two collections of H. racemosum. Occasional bordered pits were observed on ray cell walls (mostly tangential walls) in most species. Perforated ray cells were seen in H. .
Tyloses
Thin-walled tyloses occur in a portion of vessels in some species of Hedyosmum (the gray coloration seen in a few vessels of H. luteynii, Fig. 19, upper right) . Tyloses of this sort were observed in H. luteynii and H. scaberrimum, but doubtless occur in other species also.
Crystals and Other Cell Contents
Crystals were observed in only one specimen, H. arborescens . In this collection, crystals were formed singly per ray cell, and occurred in only a fraction of the ray cells.
Dark-staining contents occur in all woods of Hedyosmum. In unstained preparations, the contents are yellowish to brownish. These contents take the form of droplets or more massive accumulations. These deposits usually occur not in Fig. 26 ). When most abundant, these deposits may spread into vessels and fiber-tracheids. They are less common in two species illustrated: H. luteynii (Fig. 19, 20) and H. scaberrimum (Fig. 21, 22 ).
SYSTEMATIC AND PHYLETIC CONCLUSIONS
If one compares wood of Hedyosmum to that of Ascarina (Carlquist 1990a) , one sees a contrast in perforation plates (shorter in Ascarina), imperforate tracheary elements (thicker walled, mostly nonseptate, and with more prominent borders in Ascarina), axial parenchyma (diffuse in Ascarina, vasicentric or rarely diffuse in Hedyosmum). Wood anatomy ofthe genera of the family will be summarized in a final paper in this series.
With respect to its position within Chloranthaceae, Hedyosmum would rank as primitive on the basis of number of bars per perforation plate, but specialized on the basis of axial parenchyma distribution and presence of septate fiber-tracheids with much reduced pit borders. In assessing the nature of the fiber-tracheids, one should keep in mind that formation of septa in imperforate tracheary elements hastens loss of pit borders phyletically (Carlquist 1988a, b) . Borders on pits of imperforate tracheary elements should not be regarded as evolving gradually. Once these cells retain protoplasts for an indefinite period, the cells are no longer essential to the water-conducting system of the wood and therefore borders are of no selective value. Septa are an indication of protracted longevity ofprotoplasts in imperforate tracheary elements.
The ratio oflength between imperforate tracheary elements and vessel elements has been considered an indica tor of phyletic specialization, within limits ( Carlq uist 1975) . A ratio around 1.00-1.20 is considered primitive, whereas a ratio above 2.00 is considered specialized. By these criteria, Hedyosmum wood is primitive (ratio for the genus as a whole, 1.17: Table 1 , column 12). Very likely the evolution of vessels from a vesselless ancestry carries with it a difference in lengths between the two cell types of at least 10%, and one should not expect extremely primitive vessel-bearing woods to have extremely low ratios (e.g., 1.05).
The vessels of Hedyosmum are notably primitive in the frequency with which pit membrane remnants occur in perforation plates. This characteristic is found only in a few very primitive families of dicotyledons such as Cunoniaceae, Escalloniaceae, and Griseliniaceae (Meylan and Butterfield 1978) , Illiciaceae and Paracryphiaceae (Carlquist 1988a) , and Ticodendraceae (Carlquist 1991) . Similar primary wall remnants in perforations were figured in Ascarina (Carlquist 1990a) . As discussed earlier, these pit membrane remnants are rarely artifacts (see also Carlquist 1990a) . The distribution of this phenomenon within dicotyledons (Carlquist, unpublished) shows that pit membrane remnants in perforations occur in species with long scalariform perforation plates, just the vessel-bearing dicotyledons one would choose as having quite primitive wood. The presence of pit membrane remnants in perforations is a feature that should be added to other criteria of primitiveness in wood anatomy.
CONCLUSIONS ON HABIT EVOLUTION
The genus Hedyosmum ranges from shrubs of moderate size (1 m or more) to trees, some of which are small, but some of which may reach 30m (Todzia 1988 ). This habit range is atypical for Chloranthaceae: Ascarina consists of shrubs, rarely trees, whereas Chloranthus and Sarcandra can be called subshrubs or herbs. Chloranthus and Sarcandra produce innovations of limited duration; most species of Chloranthus have little cambial activity. The habital range for the family does not suggest a primarily arboreal ancestry. The ray structure seems to confirm this. Rays of Hedyosmum correspond to Paedomorphic Type II, a type that has not been reported in typically woody groups. Rather, one finds it in groups that seem likely to be secondarily woody, such as the lobelioids (Carlquist 1969) . This ray type does occur in Lactoris, which may have an herbaceous ancestry and very likely is more nearly related to Chloranthaceae than to Lauraceae, Myristicaceae, and other families that have been claimed to be related to it (Carlquist 1990b ). Young stems of H edyosmum have uniseriate rays in addition to multiseriate ones, but with no procumbent ray cells; such rays are referable to Paedomorphic Type I.
In paedmorphic woods, there is a decreasing rather than an increasing length oftracheary elements with development of a woody stem (Carlquist 1962) . Comparisons within Hedyosmum indicate a paedomorphic curve for length against age for tracheary elements. In H. bonplandianum, the sample with the smallest diameter is Todzia 2534, whereas the widest diameter characterizes the sample SJRw-20934 (judged on the basis of divergence angle of rays as seen in transection), yet the tracheary elements are longer in Todzia 2534.
Shorter tracheary elements characterize shrubs as opposed to trees (Carlquist 1975) , and this proves to be true within Hedyosmum. The specimens with shortest vessel elements, H. cumbalense and H. luteynii, are from plants with shrubby rather than arboreal habit.
ECOLOGICAL CONCLUSIONS
Woods with long scalariform perforation plates come from mesic situations (Carlquist 1975) , and Hedyosmum is no exception to this. The mesomorphy ratios for the genus (Table 1 , column 13) confirm this: ratios above 100 could be called mesomorphic, whereas all of the species of Hedyosmum have Mesomorphy ratio values in excess of 1000. If one looks for low values within this range, one notes that figures for H. brasiliense, H. domingense, and H. luteynii are low (although certainly high by comparison with dicotyledons from Mediterranean-type areas). Habitats for the first two of these species may be slightly less mesic than those of other Hedyosmum species, judging from the data ofTodzia (1988), but H. luteynii occurs in very wet Andean forests (Todzia, personal communication) . Two of these species (H. brasiliense, H. luteynii) have a mean vessel grouping figure high for the genus, although the range is not great. A higher figure for vessels per group corresponds to greater wood xeromorphy (Carlquist 1975) . One may conclude that Hedyosmum wood is definitely mesomorphic but that differences within the genus in quantitative wood features are not readily interpretable, at least not on the basis of the present sampling. Vessel grouping may confirm a slightly lesser degree of mesomorphy for shrubby species of H edyosmum than for arboreal species, but one must stress that even the least mesomorphic species of Hedyosmum has wood highly mesomorphic by comparison with wood from dry areas. Note should be taken that samples for some of the species (particularly the Todzia collections) were relatively small stems. Small stems tend to have wood that is less mesomorphic in quantitative wood data than do main stems of large trees (Carlquist 1975) .
